It is now well established that the treatment of the typical case of patent ductus arteriosus with classical physical signs is ligation of the vessel with, or without, its division. In recent years, chiefly as a result of investigation of cases of congenital heart disease by means of cardiac catheterization, it has become evident that there are a number of cases of patent ductus arteriosus associated with severe pulmonary hypertension in which the classical signs of the anomaly are not present. Numerous articles have appeared on the subject in the past five years, and in most of these reports the patients were adults or adolescents in whom the disability had been present for a considerable period of time (Johnson, Wermer, Kuschner, and Cournand, 1950; Campbell and Hudson, 1951; Myers, Scannell, Wyman, Dimond, and Hurst, 1951 ;  Adams, 1952; Adams, Diehl, Jorgens, and Veasy, 1952; Bothwell, Van Lingen. Whidborne, Kaye, McGregor, and Elliott, 1952; Lurie, Gray, and Whittemore, 1952; Storstein, Humerfelt, Muller, and Rasmussen, 1952; Dammann and Sell, 1952; Burchell, Swan, and Wood, 1953; Holman, Gerbode, and Purdy, 1953; Hultgren, Selzer, Purdy, Holman, and Gerbode, 1953; Kattus and Muller, 1953; Cosh, 1953; Smith, 1954; Swan, Zapata-Diaz, Burchell, and Wood, 1954; Harris, 1955; Whitaker, Heath, and Brown, 1955) .
The present review is of nine children aged from 1 to 6 years who were diagnosed clinically as having patent ductus arteriosus with pulmonary hypertension, this being subsequently demonstrated in all but one case (Brenda G.) by cardiac catheterization or by manometry at thoracotomy. In addition, six of these children have, after varying intervals following ligation of the ductus, been re-catheterized and have been found to have pulmonary arterial pressures and pulmonary arteriolar vascular resistances within normal limits. The survey includes one child who died one month after operation in whom there was fixed reversal of flow through the ductus.
The purpose of the paper is to draw attention to the clinical aspects of the syndrome in early childhood and to stress the beneficial results of occluding the ductus in those cases without fixed reversal of flow as soon as the diagnosis has been confirmed, and the return of the pulmonary arterial pressure to a normal level after operation. This would appear of special importance in view of the probability that with increased duration of a high pulmonary pressure and pulmonary arteriolar resistance irreversible changes nmay eventually occur which maintain the pulmonary hypertension in spite of ligation.
CLINICAL FEATURES AND INVESTIGATIONS
The outstanding features in the histories of these children are the failure to thrive which all exhibited, together with a marked susceptibility to respiratory illnesses, in some cases of so severe a nature as to precipitate cardiac failure. Four of the children were found at some time to have a classical ductus murmur, though this was inconstant.
All the children were markedly below their expected weight and were of frail or puny physique. All had some chest deformity, in most a considerable asymmetrical bulging of the chest wall in the left parasternal region being a prominent feature. The pulse was collapsing in five (Cases 1, 3, 5, 7, and 9), and was associated with a high pulse pressure. There was clinical evidence of cardiac enlargement in all cases, with displacement of the apex beat laterally, and in all but one also downwards. In four the apex beat was in the anterior axillary line, in the fifth left interspace in three, and in the sixth in one. In the five remaining cases the apex beat was external to the mid-clavicular line, in the fourth left interspace in one, in the fifth in three, and in the sixth Apart from a slow weight gain progress said to have been 1 11/12 second month normal. Heart murmur first heard at 3 months 18.11.1954 in one. The apical impulse was definitely of left ventricular type in four instances. In the others it was tapping or diffuse.
With regard to the heart sounds, in most the second sound in the pulmonary area was accentuated and normally split. An apical presystolic triple rhythm was observed in two of the children and marked accentuation of the first sound at the apex in one other. Murmurs were present in all. A loud holosystolic bruit audible over the whole praecordium but maximal in the pulmonary area, usually with an accompanying thrill in this region, was the commonest finding. In four there was also a diastolic murmur in or near the pulmonary area, but this was inconstant in three. In two children this was, with the systolic bruit, of a characteristic machinery nature. Systolic and diastolic murmurs also occurred in the mitral area in two cases, and a soft, early diastolic murmur in a third.
With electrocardiography signs of right ventricular hypertrophy were found in three children and of left ventricular hypertrophy in two. The remainder had electrocardiographs within normal limits.
Chest radiographs and screening showed in all instances well-marked pulmonary plethora with increased pulsation of the smaller vessels on screening. The main pulmonary arteries were dilated and in most cases the right ventricle was enlarged. In six the left ventricle was also considerably enlarged. In four cases left auricular enlargement was remarked.
Gas analysis was performed on a Van Slyke apparatus in six of the patients and on a Brinkmann haemoreflector in the remaining three (in one case samples were analysed by both methods In Case 6 at thoracotomy, and in the other seven, the mean pressure in the pulmonary artery was considerably elevated. Peripheral pulmonary early noticeable in many of them that they had more inclination to play and exert themselves than they had had previously. Fretfulness and irritability, features observed in most of these children but particularly marked in Cases 2 and 7, were replaced by a more contented and happy disposition. The operations on Cases 1, 2, 3, and 5 were performed by Sir Clement Price Thomas and the remainder by Mr. C. E. Drew.
FOLLOW-UP OF SIX CASES Cases 1, 3, 5, 7, 8, and 9 were readmitted to the hospital at varying intervals following operation for detailed assessment of their clinical progress and re-catheterization.
Without exception the parents of these six children were impressed with the improvement which they had witnessed in the general health, capacity for exercise, and demeanour of the children after operation. They had all increased in height and weight and had been free from respiratory illnesses which had previously been a marked feature in most of their histories. With the exception of Case 3, who has a ventricular septal defect, and Case 9, who was reviewed only five generally believed that an alteration in the pressure relationship between the pulmonary artery and aorta and a desaturation of blood entering the ductus from the pulmonary artery are necessary excitants. Some have put forward the view that the pulmonary hypertension is due to a persistence of the foetal type of small pulmonary artery with a muscular media and the maintenance of a high resistance (Civin and Edwards, 1950; Campbell and Hudson, 1951) . This theory would explain the patency of the ductus in these patients and would be in keeping with the very early onset of symptoms. But it cannot be so invoked in the ordinary case of patent ductus in which pulmonary vascular changes are not observed (Welch and Kinney, 1948) . That the pulmonary hypertension is in some way related to patency of the ductus would appear to be proved by our results, and these suggest that the hypertension is seconidary to a failure of ductus closure with a consequently increased pulmonary blood flow. The mechanism whereby this may be produced has recently been discussed by Harris (1955) . It has been thought that prolonged anoxia at birth may be a factor in certain cases in perpetuating a patent ductus arteriosus, but in the children under review there is no history of difficulty in initiating respiration or of gross respiratory embarrassment or cyanosis in the first few hours of life. 11.8.1954 suturing of aorta and pulmonary artery discharge (9) Linda C.
Ductus ligated. The measurements of the vessels were: Uneventful recovery. No cardiac murmur on discharge 3.12.1954 Ductus, 1 cm. Aorta, 1-2 cm. P.A., 1-7 cm.
group.bmj.com on November 6, 2017 -Published by http://thorax.bmj.com/ Downloaded from It would appear from our experience that, although the presence of pulmonary hypertension in association with a patent ductus is generally accompanied by clinical signs unlike those of an uncomplicated ductus, it is possible to encounter cases in which many of the classical physical findings of the latter are present. Thus in four children a typical ductus murmur had been heard before admission. In two of these a machinery murmur, though inconstant, was audible up to the time of operation. In one instance this was demonstrated by phonocardiography. A consideration of the haemodynamics existing in those cases in which the aortic pressure is greater than the pulmonary artery pressure would seem to confirm that a continuous murmur could still arise from the flow of blood from the aorta to the pulmonary artery along the ductus. The less the difference in pressures becomes the smaller will be the shunt through the ductus. With severe pulmonary hypertension, therefore, one would expect a ductus murmur either to disappear or to become inconstant. Again, the fact that in four children a typical ductus murmur was heard before their admission and that on admission this was audible in only two, and then inconstantly, suggests that, whatever is the pathological process causing the pulmonary hypertension, it is a progressive condition.
The progressive nature of the pulmonary lesion is also suggested by the increasing disability suffered by patients and by the apparent reversal of the process by early ductus ligation. In all our cases the ductus was of large calibre and the pulmonary shunt (with the exception of Case 6, in which the flow was reversed) was considerable in relation to the systemic blood flow. Wood (1950) was unable to demonstrate any constant relationship between the size of the shunt and the pulmonary artery pressure on catheterization. On a priori grounds one would expect the volume of blood shunted to be inversely proportional to the pulmonary artery pressure and the peripheral pulmonary resistance. That large shunts occur in spite of these factors being elevated suggests that they are the results and not the causes of the abnormal flow of blood.
In our one re-catheterized child in whom lung biopsy was performed by thoracotomy, severe pathological lesions were found on histological examination (Case 3). The muscular arteries and the arterioles showed a marked thickening with elastic tissue and club-shaped masses of elastic tissue projected into irregular air-spaces resulting from emphysema ( Figs. 1 and 2) . It was not clear whether these projections were due to proliferation of arteriolar elastic tissue in the course of development of arteriolo-sclerosis, or whether they were derived from ruptured alveolar walls secondary to emphysema due to ischaemia of the lung parenchyma. In spite of these degenerative changes, after ligation of the ductus the child's health and physique improved, and two years five months later her pulmonary arterial pressure and peripheral pulmonary vascular resistance were within normal limits. It would seem, therefore, that in spite of presumably permanent lung changes being present, closure of the ductus is still a curative procedure in such cases. This emphasizes the importance of early diagnosis and treatment, since there must be a point reached in the pathological process in the lungs beyond which improvement cannot take place. In addition, if it is accepted that the pulmonary hypertension is progressive, the longer the conditions producing it are present the more likely is the blood flow through the ductus to become reversed and then fixed. When this has occurred it is now generally accepted that ligation of the ductus should not be performed. We have only experience of one such case (Case 6) reported in this paper, and the child died in congestive cardiac failure about one month after operation. At necropsy she was found to have fibro-elastosis ( Fig. 3 ) with mitral and aortic stenosis. The striking features in these children were the early onset of symptoms, the failure to thrive with repeated respiratory illnesses, the early diagnosis of congenital heart disease, and chest deformity, usually a marked left parasternal bulge. In four of them a typical ductus murmur was heard at some time, four of them had collapsing pulses in association with a high pulse pressure, and in three a diastolic murmur was present in the mitral area.
In all cases chest radiography and screening showed well-marked pulmonary plethora with increased pulsation of the smaller vessels. The main pulmonary arteries were dilated, in most both ventricles were enlarged, and in four there was also considerable left auricular enlargement. Infants and children presenting with such manifestations should be subjected to cardiac catheterization, a procedure they stand well, so that precise diagnosis can be made and operative treatment instituted. Thoracotomy is well tolerated and postoperative recovery is usually rapid and satisfactory. Generally there is a marked improvement in the child's emotional, as well as physical, behaviour within a few days of the procedure.
Cases 2 and 4 were not re-catheterized for different reasons. The parents of Case 2 were unwilling to have the child readmitted, but when seen recently he was clinically well and had gained weight satisfactorily. Case 4 was subjected to catheterization, but the procedure was abandoned after repeated attempts to pass the catheter past the pelvic brim via the left internal saphenous vein, and downwards into the superior vena cava via the right median basilic vein. Thoracotomyhad been performed two years before readmission and in the interval she had remained well, was active and cheerful, and had gained 12 lb. in weight. SUMMARY A survey of nine children with patent ductus arteriosus with pulmonary hypertension is presented. All were subjected to thoracotomy and ductus ligation, having previously been investigated by cardiac catheterization. All the children were greatly improved following operation, except for one with reversal of blood flow through the ductus who died one month post-operatively. PATENT DUCTUS WITH PULMONARY HYPERTENSION significance of these findings is discussed and the inference drawn that the pulmonary hypertension is secondary to patency of the ductus and the increased pulmonary blood flow. The importance of early diagnosis and treatment of the syndrome is stressed.
